Theoretical investigation of the neutral hydrolysis of diethyl 4-nitrophenyl phosphate (paraoxon) in aqueous solution.
In this work the neutral or spontaneous hydrolysis of paraoxon, one of the most popular organophosphate pesticides, in aqueous solution was investigated at the DFT and MP2 levels of theory, using a combination of local solvation of the phosphoryl group with explicit water molecules, and treating the long range solvent effects using continuum solvation model. In contrast to the alkaline hydrolysis, the neutral hydrolysis takes place in two steps, through an AN + DN mechanism, with formation of a pentacoordinate phosphorane intermediate. The reaction has activation free energies of 31.8 and 1.9 kcal mol-1 for the first and second steps, respectively, and has an overall reaction free energy of -9.3 kcal mol-1, computed at the MP2/6-311++G(2d,2p)//B3LYP/6-31+G(d) level of theory. The reaction proceeds through a sequence of proton transfer processes from the attacking water molecule and ends with the protonation of the nitrophenolate leaving group. Explicit description of the local solvating water molecules is essential to describe the proton transfer processes along the reaction coordinate and to stabilize the pentacoordinate intermediate formed. The neutral hydrolysis is very slow and has an overall rate constant of 3.05 × 10-11 s-1, computed at the MP2/6-311++G(2d,2p)//B3LYP/6-31+G(d) level of theory. This result, in conjunction with the sensitivity of the rate constant to the experimental conditions, indicates that the hydrolysis of paraoxon in aqueous solution can be even slower than predicted experimentally.